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Introduction
Studies focused upon DNA and the genetic fields have become considerably attractive since they both play an important role within living organisms. DNA and RNA consist of nucleic acids, which are polymers of high amounts of monomers called nucleotides which are linked by phosphodiester bonds forming long linear chains. Its sequence within DNA determines the genetic information and is responsible for both body function and the hereditary transmission. In contrast, nucleotide sequences in RNA determines the expression of proteins, e.g. regulatory enzymes [1] .
Mutagenic changes in DNA sequences and epigenetic modifications can cause an incorrect DNA replication and transcription, and this is well known to be linked with several types of diseases and metabolic disorders [2] [3] [4] . Epigenetic modifications are defined as covalent chemical changes in DNA nucleic bases with no sequence modifications. The most important and common events in epigenetic modifications are oxidation and alkylation [5] . The former can be produced by oxidizing agents, free radicals or ionizing radiation, while the latter is produced by alkylating agents such as alkyl sulfonates, methyl halides, N-nitroso compounds and tobacco-specific nitrosamines [6, 7] . There exists some well-known modified nucleobases, called DNA adducts, which its elevated presence in DNA, RNA and biological fluids has been related to certain diseases. Modified nucleobases which are shown in scheme ESI-1 may be the main and most important examples [4] Most of these are commonly generated in humans as a result of unhealthy habits, bad or inappropriate diet and exposure to methylating agents [8] . Consequently, modified nucleobases identification and quantification represents a useful way to find biomarkers for cancer diseases, DNA damage, premature cell ageing, exposure to methylating and toxic agents, oxidative stress, among many others [9] [10] [11] . Specifically, 7-methylguanine (N7-methylguanine, 7-mG, 7-MeG, m 7 -Gua) is a methylated form of guanine, which has been relatively less studied than other modified forms. It has always been considered to be innocuous and non-mutagenic due to its chemical instability within the DNA structure and as it is able to participate in Watson Crick base pairing [4, 12] . In addition, 7-mG is presented inherently in messenger and transfer RNA where it plays a significant role within gene regulation, providing stability to these molecules [10, 11] . However, several studies present a close relationship between high levels (abnormal patterns) of 7-methylguanine (within the DNA, RNA and biological samples), and the presence of other mutagenic adducts cause the development of pathologies such as carcinogenesis, neurodegeneration, male infertility and problems during assisted reproduction [13] . The advantage of determining 7-mG as a biomarker consists of it is generated in higher amounts than other promutagenic nucleobases and thus this makes simpler its determination [8, [12] [13] [14] . 7 -mG (see Scheme ESI-1) is the most common DNA adduct because the N7 atom of guanine moiety is the most reactive to be attacked by alkylating electrophiles as it has the highest negative electrostatic potential of all atoms within DNA nucleobases [4] . Moreover, 7-mG is frequently presented close to 5-methylcytosine in CpG islands (CGI). CpG islands are a Cytosine, Guanine rich region located within the promoter region of many genes. Normal pattern of methylation within CpG islands has an important function in gene regulation. Nonetheless, high amounts (abnormal patterns) of 7-mG levels in CpG islands (Hypermethylation) has been related to the diseases discussed previously. For those reasons, detection of aberrant methylation levels may represent a marker of disease activity [10, [15] [16] [17] [18] .
For the determination of 7-mG, and other modified nucleotides, a variety of analytical techniques have been described in the literature, as follows: immunoassays [19, 20] , 32 P-postlabeling methods [7, 20] , capillary electrophoresis coupled with electrospray ionization mass spectrometry (CE-ESI-MS) [9] , liquid chromatographytandem mass spectrometry (LC-MS/MS) [12, [21] [22] [23] and high-performance liquid chromatography coupled with UV-Vis detection [2, 3, 24, 25] and electrochemical detection [11, 14, 26] . Regarding the electrochemical detection in the case of 7-mG, glassy carbon electrode is normally used, being presented the 7-mG response about 1 V versus standard Ag/AgCl reference electrode. Nevertheless, although these methods are sensitive and accurate, they are tedious and not cost-effective for routine analysis.
Furthermore they involve a laborious sample preparation as well as the in situ analysis is not possible. As an interesting alternative, the preparation and use of an electrochemical sensor may provide a more economic and cost-effective method for 7-mG determination. Such devices also present the advantage of having a small size, low limit of detection (LOD) and possibility for in-situ analysis. Nonetheless, it should be noted that reproducibility and repeatability of these methods is not as high as the relative to the combination between chromatographic, spectroscopic and spectrometric methods. In the case of using an electrochemical approach, our group has recently investigated the voltammetric behavior of 7-mG at screen-printed graphite electrodes (SPGE) [27] in phosphate buffer solutions. The above pioneering work provided a reasonable sensitivity and a good reproducibility for the electroanalytical detection of 7-mG in buffer solutions. However, the reusability and the validation of the electrochemical sensor based on the SPGE platform using real samples is still lacking, as well as the electro-oxidative mechanism of 7-mG is uncertain.
In this present paper, the electrochemical behavior of 7-mG at boron doped diamond electrode (BDD) and glassy carbon (GC) electrodes has been reported. BDD electrode was considered for this work because of its useful properties which are principally: high thermal conductivity, electrical conductivity, considerable hardness, chemical inertness in harsh conditions, surface with low adsorption properties, low background current and high chemical and electrochemical stability [28] . Furthermore, BDD presents a large voltammetric potential window between oxygen and hydrogen evolution, both in aqueous and non-aqueous media [29] [30] [31] [32] [33] . In this case, the electrochemical response of 7-mG has been investigated by cyclic voltammetry (CV) and square wave voltammetry (SWV). Square wave voltammetry is one of the most sensitive and powerful electrochemical techniques applied, whose limits of detection are generally similar to the obtained with the chromatographic and spectroscopic techniques [32, 34] . For electroanalytical applications, Scheme 2 depicts the electrochemical configuration used with working solution dropped onto a screen-printed graphite electrode (SPGE) which provides the counter and reference electrode The electrochemical behavior of 7-mG has been carried out upon pH, scan rate, 7-mG concentration, pretreatment of the electrode surface and the presence of other nucleobases as interfering substances. Preparative oxidative electrolysis of 7-mG at controlled potential using a BDD electrode has been performed for the elucidation of the electro-oxidation of the methylated guanine compared to the unmodified one.
Finally, the electrochemical response of 7-mG has been examined within complex fluid such as in real human urine to assess the feasibility of 7-mG determination in a biological complex sample. As mentioned above, the interest lies in the possibility of employing this modified nucleotide as biomarker for early diagnosis of cancer and other diseases by the use of an electrochemical sensor as a complementary tool for other diagnostic methods.
Experimental

Reagents and chemicals.
Free DNA bases (Adenine and Guanine) as well as the modified ones (7methylguanine and 8-oxoguanine) were purchased from Sigma Aldrich at the highest analytical grade available and were used without further purification. Solutions were prepared using doubly distilled water with a resistivity not less than 18. C2000802P2; Gwent Electronic Materials Ltd, UK) was first screen-printed onto a polyester flexible film (Autostat, 250 µm thickness) [38] . This layer was cured in a fan oven at 60 degrees Celsius for 30 min. Next a silver/silver chloride (40:60) reference electrode was applied by screen-printing Ag/AgCl paste (Product Code: C2040308P2; Gwent Electronic Materials Ltd, UK) onto the plastic substrate. This layer was once more cured in a fan oven at 60 degrees Celsius for 30 min. Last a dielectric paste ink (Product Code: D2070423P5; Gwent Electronic Materials Ltd, UK) was printed to cover the connections and define the 3 mm diameter graphite working electrode. After curing at 60 degrees Celsius for 30 min the screen-printed electrode is ready to use. An edge-connector was used to ensure the reproducibility of the electrochemical connections throughout the studies [39] . Similar SPGE platforms have been electrochemically characterized in a previous contribution [40, 41] .
Electrode pretreatments.
Unless stated otherwise, different working electrodes were polished prior to the electrochemical measurements by using an alumina slurry suspension (Buehler, 0.3 μm particle size), with deionized water as lubricant, for 5 minutes. BDD electrode was polished only before starting the electrochemical measurements. Then, the electrodes were thoroughly washed with deionized water and immersed into an ultrasonic cleaning bath for 2 minutes removing any alumina residues adsorbed onto the carbonaceous surface. In the case of using the SPE electrochemical configuration, BDD and SPE conditions. In the case of cathodic pretreatment cycles were recorded between 0 and -2 V and, in the case of anodic pretreatment cycles were recorded between 0 and +2 V, versus Ag/AgCl. After pretreatment, BDD electrode was washed thoroughly with water and finally dried under nitrogen atmosphere. All electrochemical pretreatments were carried out in the conventional three electrodes electrochemical setup using a graphite rod as a counter electrode.
Experimental Procedure.
CV and SWV measurements were carried out using an Autolab PGSTAT 30 (Eco Chemie, The Netherlands) potentiostat/galvanostat and controlled by Autolab Confidence intervals of the measurements were obtained using the statistical value ''t student'' (for N-2 freedom degrees, where N is the number of standard solutions used) for a confidence level of 95 %.
Electro-oxidation of 7-mG. Preparative electrolysis.
Preparative electro-oxidation of 7-mG was performed using a two compartment H-shaped electrochemical cell separated by a Nafion 117 cationic exchange membrane. 3. Results and discussion.
Cyclic voltammetric (CV) and SWV behavior of 7-MeG: comparison between BDD and GC electrodes.
First, the comparative study of the electrochemical behaviour of 7-mG between BDD and GC electrodes using a standard three electrode electrochemical cell as described in the experimental section were performed. Both electrodes have been widely employed due to their attractive properties for the study of the electrochemical behavior of biological compounds [42] . Fig. 1A shows the CV profiles of 50 μM 7-mG in 0.1 M acetate buffer solution pH 5.0 at BDD and GC electrodes. The anodic peak potential is observed at +1.20 V in the case of BDD and at +1.08 V for GC versus Ag/AgCl. For the SWV response of the same concentration of 7-mG, depicted in Fig.1 , the anodic peak potential appears at +1.04 V using the BDD and +1.06 V for the GC As shown within Fig.1A the current intensity obtained for GC is slightly higher than that obtained for BDD, but the BDD capacitive current intensity is lower. In addition, the oxidative peak obtained at a BDD electrode is better defined than for GC because it is not so close to the solvent oxidation potential. SWV, in Fig.1B current intensities obtained for the electro-oxidation of 7-mG are similar for both electrodes but, again, the oxidative wave at BDD electrode exhibits a more defined peak, for the same reasons stated above. SWV is a very interesting technique for this determination, as can be checked putting our attention on the successive scans obtained with this technique, as depicted in Fig. 2 , for BDD and GC electrodes. A decrease in current intensity was remarkably obtained when using the GC electrode, denoting adsorption, fouling or blocking of the actives sites of the electrode surface by 7-mG or its oxidative products, as observed for guanine using GC electrodes [43] , ascribed mainly to a higher sp 2 character in GC. Nevertheless, differences in peak current intensity are not significant between the two electrodes. In conclusion, we have considered the use of the BDD as most suitable electrode for the determination of 7-mG in this work.
Electrochemical response for 7-mG through the SPE configuration.
The use of the SPE electrochemical cell configuration exhibits a wide number of advantages in terms of small sample volume required, miniaturization of the electrochemical system, fast measurements, and low cost, among other things. With the aim of contributing in this regard, we explored whether the SPE configuration, as shown in Scheme 1, was adequate to perform the electro-oxidative response and the electroanalytical determination of 7-mG. Fig. 3 displays the CV and SWV voltammograms for 50 μM 7-mG solution with an anodic peak potential of 7-mG for CV at + 0.82 V versus pseudo Ag/AgCl and +0.77 V in the case of SWV. There is a potential difference of ~0.28 V between the potential obtained versus the pseudo and the standard Ag/AgCl. It is worth noting that the same SPE was used for all consecutive measurements shown in Fig. 3 , maintaining the oxidative response stable and reproducible, as depicted in Fig. ESI-1 . Furthermore, no electrode surface blocking is observed and both CV and SWV show well-defined peaks and peak potential remains constant with consecutive measurements, confirming the pseudo-reference electrode stability over time and with use. A small slope in CV voltammograms is recorded, which can be attributed to an electric resistance due to the relatively low electric conductivity by 0.1 M acetate buffer solution at pH 5.0, according to the following data:
the resistivity value of 0.1 M acetate buffer solution at pH 5.0 is 0.234 Ω·m and for BDD film electrode is ~7.5 · 10 -4 Ω·m.
To further explore the electrochemical response of 7-mG at BDD electrode, potential and current intensity dependence with the scan rate was analyzed by CV technique. Fig.4A depicts the CV response of 7-mG in 0.1 M acetate buffer pH 5.0 with scan rates. Subsequently, peak current intensity (I p ) is plotted versus scan rate (see Fig. ESI-2A) and versus square root of the scan rate (see Fig ESI-2B) , and peak potential values (E p ) is plotted versus scan rate (see Fig. ESI-2C) .
Moreover, the dependence of peak potential logarithm (Log E p ) and peak current logarithm (Log I p ) with the scan rate logarithm (Log v) is represented, as can be seen in that the process is diffusion controlled. Linear dependence of I p with v 1/2 also supports this view [44] . Furthermore, the dependence of peak potential with scan rate is characteristic of an irreversible process. This kind of performance observed for 7-mG on BDD at this work is similar to the obtained for G at carbonaceous electrodes by Li et al [44] .
We next investigated the effect of the pretreatment of the BDD electrode on the electrochemical response of 7-mG in 0.1 M acetate buffer solution pH 5.0. These electrochemical pretreatments were performed in order to investigate the electrochemical performance of 7-mG. Surface modification of BDD electrode was performed by anodic or cathodic pretreatments to assess the electrochemical response of 7-mG electro-oxidation. Fig. ESI-3 depicts the CV and SWV responses as a function of the pretreatment. There are not significant differences in current intensity obtained by the different pretreatments. However, pretreatments can have a major influence on the electrochemical response as they can functionalize the carbon surface, remove contaminants and ensure a more homogeneous surface; associated with greater reproducibility of results [45] . In this regard, an improved response may be likely defined in terms of a better peak definition, greater reproducibility, lower overpotential and/or increased current intensity. However, Fig. ESI-3 (Left) shows CV responses with a higher capacitive current intensity and an electrode resistance associated with the cathodic and anodic pretreatments compared to the mechanical polishing one.
3.3.
Effect of pH on the electrochemical 7-mG SWV response at BDD: pH dependence on peak potential and peak current.
The effect of pH of the solution on the electrochemical oxidation of 7-mG has been studied. The use of acetate buffer solutions instead phosphate buffer solutions as described by Brotons et al. [27] was based on the evaluation of pH on the electrochemical behaviour of 7-mG for the optimum electroanalytical determination in terms of sensitivity. In literature, several researchers have established that Guanine peak potential (precursor of 7-mG) and other modifications (such as 8-oxoguanine) shifts linearly with pH, presenting slopes close to the Nernstian theoretical value of 59 mV at 25 o C, which is due to a mechanism involving the same number of protons that electrons transferred [46] [47] [48] . However, less is known about the effect of pH solution upon the electro-oxidation of 7-mG and, consequently, a pH-dependence study over the range of 2.5 -8.5 has been performed. As it can be seen in Fig. 5 , SWV response of 50 μM 7-mG solution shows a peak potential shifting to lower positive potentials with pH and a linear pH-dependence of the anodic peak potential with a slope of 56 mV (Inset Fig. 5 ), close to the theoretical Nernstian value of 59 mV. This indicates that an equal amount of protons and electrons is involved in electrode reaction as well. However, it is worth noting that at pH 4.19, SWV response deviates from the linear trend attributed to the pKa1 of the substance near 4.4 [49] . By contrast, Brotons et al. [27] reported a value of pH dependence for the electro-oxidation of 7-mG at screen printed graphite electrodes (SPGE) of 27 mV pH -1 within a pH range of 3 and 9 in phosphate buffer solutions. The relationship of anodic peak current as a function of pH does not present any clear tendency ( Fig. ESI-4) . Moreover, the electrochemical response of the 7-mG with buffer solutions with pH lower than 3.76 or higher than 5.76 has been checked, providing similar peak potentials for the 7-mG electro-oxidation and identical pH dependence.
However, although pH 8.5 presents a SWV response with better electrocatalysis than the rest of pH, we chose pH 5.0 as the optimum pH for analytical measurements because at this pH, SWV voltammetric response presents high and satisfactory peak current intensity and acetate/acetic acid solution remains its pH buffering capacity.
Calibration curves of current intensity versus 7-MeG concentration obtained by
SWV.
Electroanalytical quantification of 7-mG was accomplished in 0.1 M acetate buffer solution pH 5.0 using SWV (Fig. 6) Fig. ESI-5 ). The limit of detection was 1.2 μM and the limit of quantification was 39 μM, based on three and ten times the noise level, respectively.
Simultaneous detection of 7-mG in the presence of other nucleobases.
We have considered the presence of other nucleobases which can mostly interfere with 7-mG electro-oxidation at BDD electrode. The main interfering compounds must be G and A, since their oxidation potential remains close to the 7-mG one [10] . First, it is interesting to study the electrochemical response of 7-mG + G and 7-mG + A mixtures to better analyse the effect of each nucleobase on the 7-mG behaviour and to exam if their simultaneous detection is viable. In the case of 7-mG + G mixtures, as shown in Fig. 7A, 7 -mG peak potential is located about at 0.79 V versus pseudo Ag/AgCl while G peak potential is found at 0.67 V. Potentials remain fairly constant with the variation of the relative proportion between 7-mG and G. This result indicates that there is not any cooperative effect upon the electrochemical responses of each nucleobase. There is a difference of 120 mV between peak potentials between G and 7-mG, sufficient to enable their simultaneous detection. However, the peaks are slightly overlapped; such a fact may affect the determination of peak current and peak potential for each compound. Moreover, as reported in Fig. 7B, 7 -mG peak potential occurs at 0.80 V versus pseudo Ag/AgCl while the A peak potential occurs at about 1.1
V. Peak potentials do not vary significantly with the relative ratio of 7-mG and A.
Apparently; there is not a cooperative effect between both components. Therefore, A will not be an interfering compound for the quantification of 7-mG as we can distinguish a peak separation of 300 mV between 7-mG and A.
We turn next to explore the electroanalytical behaviour of 7-mG in the presence of the three nucleobases together (G + 7-mG + A) ( Fig. ESI-6 ) and the mixture of the three nucleobases with 8-oxoG (see Fig. 8 ). The mixture with the presence of 8-oxoG results very interesting because 8-oxoG is another of the most common modified nucleobases in DNA [46] . Consequently, simultaneous analysis of 7-mG and 8-oxoG, in biological samples, might be quite useful from an electroanalytical point of view.
Accordingly, the electro-oxidation of G overlaps that one for the 7-mG with just 100 mV of difference between their peak potentials, while the peak potential differences still remains unaltered between 7-mG and A nucleobases. The presence of 8-oxoG shifts G and A peak potentials circa 20-30 mV to more positive values. This could be attributable to 8-oxoG competing with G and A by the adsorption sites of the electrode surface. Also, the introduction of 8-oxoG appears generally to decrease peak current intensities, so that processes involving electrode surface blocking dominate the electrochemical response of every nucleobases. This fact is also corroborated by the fouling of electrode with consecutive SWV experiments. Hence, the simultaneous analysis of 7-mG and 8-oxoG is entirely possible as there is a difference of 380 mV between their peak potentials. Finally, repeatability of all measurements was also studied by calculating coefficient of variation for four different experiments Table 1 , polishing the electrode surface every electrochemical measurement.
Mechanism of the 7-mG electro-oxidation.
To propose a scheme for the mechanism for the electro-oxidation of 7-mG at BDD electrode, we have performed the preparative electrolysis of 7-mG at a controlled potential of 1.20 V versus Ag/AgCl, as described previously in the experimental section. Fig. 9A depicts the SWV monitoring the electrochemical response of the anolyte solution with charge passed. After 1.95 C and 4.18 C of charge passed (the latter corresponds to the 108 % of the theoretical charge assuming a 2 electrons process involved in the electro-oxidation of 7-mG), the SWV shows a new peak at about 0.97 V versus pseudo Ag/AgCl. The presence of the new anodic peak was ascribed previously to the formation of the dimer species from the electro-oxidation of G [44] at glassy carbon electrodes or the electro-oxidation of 7-mG at screen printed graphite electrodes [27] using SWV. Nevertheless, to shed light on the final products from the electrooxidation of 7-mG in 0.1 M acetate buffer solutions pH 5.0, HPLC coupled to mass spectrometry experiments of the anolyte solutions exhibits the major formation of dimer species coming from the dimerization process of two 7-mG radical species, as shown in The formation of oxygenated derivatives species like 7-methy-8-oxoguanine; as shown in Fig. 9B within the pathway B, was not found experimentally. Neither the starting product 7-mG nor the dimer species were observed in the catholyte solution.
On the other hand, G electro-oxidation mechanism at carbonaceous electrodes is well-known and described in literature [44] . In the case of the 7-mG, it is expected that its electro-oxidation mechanism retains parallelisms with the mechanism for G.
However, it must be taken into account that the introduction of the methyl group at the N7 position can modify it. Firstly, from the pH-dependence versus peak potential study, it was concluded that the same number of protons and electrons are involved in the mechanism. Secondly, from the dependence of peak potential with the logarithm of the scan rate (see Fig. 4B ); the kinetic parameter   · A n  was calculated. This requires the employing of Equation 1, which defines such dependency [50] :
where n a is the number of electrons exchanged in the rate-determining step, α is the electronic transfer coefficient, F is the Faraday constant (96,485 C / mole e -) and R is the molar gas constant (8.31 J·K -1 ·mol -1 ). Therefore, being aware of the slope value of the plot Ep versus log v, which is 0.0314 V (see Fig. ESI-2D) , we can estimate that the value of (α · n a ) is equal to 0.94. Thirdly, and knowing the value of (α · n a ), we proceeded to estimate the number of electrons exchanged in the process from the plot peak current versus the square root of the scan rate from the CV experiments (see Fig. ESI-2B). For an irreversible process, that dependence follows the equation 2 [50] .
where n is the number of electrons involved in the mechanism, A is the electrode area (projected area of BDD = 0.071 cm 2 ), D is diffusion coefficient of 7-mG (assumed to be equal to the guanine one: 7.3 · 10 -6 cm 2 s -1 [44] ) and C is the concentration of the electroactive species (7-mG, 50 · 10 -9 mole · cm -3 ). Slope obtained was 8.05 · 10 -6 A · [V · s -1 ] -1/2 (see Fig. ESI-2B) . Thereafter, the number of electrons involved in the electro-oxidation mechanism was equal to 2. Taking into account the above data together with the same number of electrons and protons exchanged during the electrooxidation of 7-mG, the electro-oxidative mechanism should follow the plausible route described in Figure 9B , leading to the formation of 7-methyl-8-oxoguanine.
Furthermore, the proposed mechanism in Fig. 9B involves that the oxidation of 7methyl-8-oxoguanine either is precluded or is conducted at higher potentials, such a fact that can be justified by the presence of the methyl group in N7 position, thereby impeding the formation of imino bond (N = C) between C5 and N7 positions of the G moiety, unlike what happens to guanine which bond is easily formed. However, according to the analysis of distinct analytes during the electro-oxidation of 7-mG by mass spectrometry, the only product observed was the dimer species, involving one proton and one electron for the whole mechanism, so the scenario is entirely different from an experimental point of view.
Interference study in a complex matrix
The feasibility of the electrochemical sensing of 7-mG has been investigated in a real urine matrix with high amount of components which could interfere the 7-mG analysis. Human urine sample from a healthy volunteer was collected the same day of the experiments, and before use, the urine sample was filtered through 0.45 µm nylon filters and diluted two times with 0.1 M acetate buffer solution and final pH was set at pH 5.0 using acetic acid glacial. This was made to reduce the electrochemical signal, in order to the concentrated urine sample presents too high current intensities.
Nonetheless, the SWV of the diluted urine sample at pH 5.0 still depicts two wide oxidative peaks at about 0.5 and 0.9 V, respectively, as can be seen in Fig. ESI-7 and Fig. ESI-8 .. Urea is one of the major organic compound present in urine samples [51] [52] , but urea resulted to be electrochemically stable within the potential range used (see Fig. ESI-8 ). In addition, Fig. ESI-8 also depicts the electrochemical response of uric acid, revealing an anodic peak at 0.2 V versus pseudo Ag/AgCl. Moreover, dopamine and ascorbic acid solutions were evaluated as likely interference compounds; showing anodic peak potentials at 0.45 and 0.3 V, respectively (see Fig. ESI-8 ). Hence, the presence of urea, uric acid, dopamine and ascorbic acid exhibit no interference with the electrochemical oxidation of 7-mG, but there exists still a wide number of metabolites, e.g., creatinine or other unidentified metabolites, present in human urine which can be responsible for the anodic main peak shown in Fig. 10 (or Fig ESI-7 and ESI-8).
7-mG standard stock solutions with concentrations between 25 and 200 µM
were prepared with this solution as a matrix and their SWV response was recorded whose results are presented in Fig. 10 . As can be checked in Fig. 10 , 7-mG determination in urine sample is feasible as anodic peak of 7-mG appears at 1.05 V versus pseudo Ag/AgCl where interferences by urine components are quite slight on that potential region. Interestingly, the anodic peak associated to the electro-oxidation of 7-mG shifted near 200 mV to more positive potentials. In addition, peak current intensity shifts linear with the concentration (inset Fig in Fig.10 ).
Comparison between different analytical methods for 7-mG determination.
In the process of validation of an analytical method, it is important to compare its properties with other methods with the same purpose (see Table 2 , obtained from reference [27] ). Therefore, here we provide a brief comparison between the method of this study and others widely employed techniques for 7-mG determination. In the case of the electrochemical method for 7-mG determination with screen-printed graphite electrodes in PBS buffer solution at pH 4.0 presented by Brotons et al. [27] , our work showed a higher linear range and a lower LOD. Nevertheless, our electrochemical method exhibits a LOD higher than the other conventional methods. This is since mass spectrometry is a very sensitive technique and, besides, these techniques carry out the separation of all components of the sample by chromatography before determination.
Moreover, it is important to bear in mind that range of concentrations studied in this work is higher than that values presented by convectional techniques. Most importantly is the fact that the reproducibility obtained is similar to the other techniques.
Conclusions
The feasibility of a sensor for the electroanalytical determination of 7-mG using a BDD electrode has been evaluated. According to the results, we can conclude that the method is suitable for the detection of 7-mG as its electro-oxidation in acetic acid /acetate 0.1 M aqueous buffer solutions pH 5.0 (optimum determined pH) can give rise well-defined anodic peaks by CV and SWV techniques. It has been determined that the electro-oxidation reaction is diffusion controlled and it is estimated that the mechanism involves two protons and two electrons. However, preparative electrolysis at controlled potential of 7-mG reveals that the electro-oxidation process of 7-mG at controlled potential takes place throughout the participation of one electron and one proton leading to the formation of the dimer species.
We can assess that this electroanalytical method is also suitable for quantifying 7-mG, since the electrochemical sensor has been validated in terms of linearity, Liquid chromatography with postcolumn fluorescence derivatization 55 ng/mL R.S.D. = 5.2 % 0 -8275 ng/mL [54] 
